Energy models and energy policy problems by Voß, Alfred
ENERGY MODELS AND ENERGY POLICY PROBLENS 
A. Voss 
University of Stuttgart 
Stuttgart 
Federal Republic of Germany 
1. INTRODUCTION 
I have been involved in energy modelling for planning and policy mak-
ing for more than ten years now and I am still convinced that systema-
tic and careful modelling can contribute to better decisions in the 
energy policy area. I think I should make this statement right at the 
beginning, because my contribution will be somewhat critical. It will 
to some extend focus on the failures, misuses and unresolved issues in 
energy policy modelling rather than report about the 5uccesses, wh ich 
although they are there, are still small compared with the potential 
benefits and prospects, that energy models can offer to the decision 
rnakers. Nevertheless I will start with a brief review of the his tory 
and methods used in energy modelling and I will describe a limited 
number of reprcsentative models in order to illustrate the present 
state of the art. The review is not intended to be exhaustive or to 
provide a comparative evaluation of models designed for sirnilar purpo-
ses. Rather, the models are reviewed to illustrate the advances and 
the structure of recent and current efforts by energy modellers. 
Thereafter I will discuss the question whether or not energy models 
have successfully contributed to help solving the complex problems 
facing the energy planner and energy policy maker. I hope to make 
clear, that despite the tremendous progress made in the design of com-
plex, large-scale models, energy models were by far not as successful 
as they could have been in their contribution to the decision making 
process. And I will argue, that a new more realistic attitude, a new 
orientation of the preferences of the model builder is needed. that 
expectations must be redirected to what is needed and can be achieved, 
rather than to promote and construct more sophisticated or even uni-
versal models. 
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2. ENERGY MODEL DEVELOPMENT 
The sharp increase in the price of energy ~n the early seventj.es have 
confronted many nations, particularly energy importers with unpr.ece-
dented economic challenges they were ill-prepared for. The economies 
of the less affluent oil importers in the developing world were sever-
ly distorted. Even among the affluent industrialized countries, the 
cast of adjustment to higher energy prices in terms of higher overall 
price levels, unernployment, industrial restructuring, adverse distri-
butional effects and environmental quality, have been pervasive. 
Although efforts to develop energy models began in the early sixties, 
that is weIl be fore the first oil crisis in 1973 , it was the growing 
awareness of the energy problem originating from this event that 
forced an explosion in the development of energy models. Exact figures 
concerning the energy models developed so far are not available, but 
in the reviews of energy models published by the International Insti-
tute for Applied Systems Analysis (IIASA) /1, 2, 3/ up until 1976 
alone same 144 different models were characterized and classified. The 
individual models vary greatly in their objectives, they address a 
broad scape of problems for geographical areas of widely different 5i-
zes and they employ a variety of methods originating from several 
scientific disciplines. 
The energy models developed in the sixties focused mainly upon the 
supply and demand of a single energy form or fuel like e1ectricity, 
oil or natural gas. Faced with the complex problem of optimal alloca-
tion and routing of crude oil and oil products between different oil 
sources, refineries and demand centers, the petroleum companies have 
developed and applied particularly large allocation models, as weIl as 
models for the refining process. Another example of a successful ap-
plication of models of the sectoral type are the models used for the 
analysis of electric utility operations and expansion plans. A l arge 
number of models have been developed and are used to evaluate the op-
timal expansion strategy of the power plant system required to satisfy 
an increased electricity demand. The models detcrmine the optimal mix 
a nd timing of new power plants of different types so that the electri-
city demand over the planning horizon 1s satisfied at minimum dis-
counted overall cost, including capital, fuel, as weIl as operating 
costs. 
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80th kind of models mentioned above fceus on the supply side, that is. 
on the best way to satisfy an assurned energy dernand. Energy 1s an exo-
genaus input to these models ane i5 often provided by econometric de-
mand models, estimating ene~gy er fuel deffiand as a funetien of energy 
prices and other determinants such as population, economic growth, 
etc .. 
A major criticism concerning sectoral, single tuel Or energy form mo-
dels i5 that they treat the development of the sec tor or fuel in ques-
tion as isolated from the rest of the overall energy and economic sys-
tem, thereby ignoring that there are many different ways to satisfy 
given energy service oemands such as space heat, industrial p~ocess 
heat and transportation. A sectoral, single fuel model cannot adequa-
tely describe the interfuel substitution related to changing energy 
prices, technological development er environmental considerations in 
the different sectors of energy use. 
Complying with these requirements was the main reason for the develop-
ment of energy system models, describing the energy flows from differ-
ent primary energy SQurces through various cenversion and utilization 
processes to different end use demands. It was at the beginning of the 
s€venties, when the werk on energy system models beg an. 
Anational energy balance as shown in Fig. 1 can be viewed as a simple 
static model of the energy system, because it accounts at a single 
point in time for all energy flows from the primary energy sourees, 
through conversion processes, to the ultimate use of various fuels and 
energy forms. 
Most of the energy system models are based on the network representa-
tion of the energy balance approach, as it is shown in Fig. 1. Using 
this network of flow of resourees like eoal, oil, gas, nuelear or so-
lar to various demand secto~s like industry, transportation, house-
holds and the commercial sector as a simple accounting framework, the 
consequences of alternative ways to satisfy an estirnated demand deve-
lopment in each of the major end-use sec tors ean be simulated and eva-
luated i n terms of primary energy consumption, required conversion 
eapacity etc •. Extensions of this type of model to analyse the impact 
of alternative energy supply strategies on the environment and in 
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Fig. 1: National Energy Balance 
terms of energy cast are easily attainable and have been used in the 
past. sesides these network accounting mOdels, aseries of optimizing 
models of whole energy systems were developed fram the beginning of 
the seventies. These models were des ig ned to determine the optimal a1-
loeation of energy resources and conversion technologies to end-uses 
using the network representation of the energy system. The models are 
either statie with the optimization process seeking a minimization of 
cost for a single target year, or they are quasi dynamic and attempt 
to minimize the present values of costs over the whole planning hori-
zon, subject to the demand and to a set of constraints reflecting re-
source availabilities andlor enviranmental considerations. 
Accounting and optimization models of this type foeus on the teehnical 
structure of the energy systems. Energy dernand is usually an exogenous 
input to them. Therefore the se models da not allow for dernand adjust-
ments due to higher energy priees or to changed GNP growth caused by 
rising energy cost and lim i ted energy supplies . 
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Handling these issues requires models linking the energy sector with 
the rest of the economy. Various approach es to link economic models to 
models of eneT.gy demand and supply have been investigatea. Generally 
speaking two classes of energy-econorny models can be distinguished. 
Integrated models which explicitly describe ,the inter.relations between 
the energy sec tor and the economy and model sets which consist of an 
economy and an energy system model which are linked by the transfer of 
data via a human interface. 
This short glance back into history should show that, although the 
construction of energy models began only 20 years aga, there have been 
several important development phases as single fuel or sectoral models 
evolved towards models of complete energy systems and energy economy 
models. 
This historical development pattern seems to be also a useful scheme 
fo~ the classification of energy models. In the following I will dis-
tinguish between 
- Single Fuel Models 
Energy System Models and 
- Energy-Economy Models. 
Later I will describe in some more detail typical approaches used in 
modelling the entire energy system and the energy-economy interac-
tions. 
But let me first comment on the methods used in energy modelling. As 
it was not the main goal of the energy model builders to develop new 
and better methods, they most often referred to the corresponding im-
provements and developments of other fields of science e.g. econome-
tries, statistics, operations research, computer science, and system 
science. Looking back, one can say that there are three modelling me-
thodologies that have been applied predorntnantly in energy models, 
namely engineering process analysis, mathematical programrning, and 
econometrics. 
Econometric methoQs are found most often in representations of the en-
ergy demand side emphasizing the behavioral aspects of decisions on 
the sides of both the consumer and the supplier. Statistical 
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technigues are used to estimate the s tructura! parameters of thc be-
havioral equations, e.9. macroeconomic production functions or price 
elasticities fram observed data. Econometric models are, in general, 
of a higher aggregation level than process models, which often cover 
quite a lot of technical details of the energy s upply system. This 1s 
independent of whether it 1s conceived as a simple accounting or as an 
optimization model. Tbe linear programming "technique has been used far 
more than other mathematical programming methods, because of its capa-
bility to salve large problems. 
In addition to these methods, energy models, which make use of the in-
put-output method, the system dynamics approach or the method of game 
theory wcre occasionally developed. 
3. THE STATE-OF-THE-ART IN ENERGY MODELLING 
Following the classification of energy mod~ls mentioned above, I wOuld 
now like to illustrate the state of the art in energy system- and en-
ergy-economy mOdelling by describing typical representatives of these 
classes of energy models in some more detail. 
METHODOLOGY 
MODEL SUPPLY SIDE DEMAND SIDE 
BESOM LINEAR OPTIMIZATION EXOGENOUS 
(BROOKHAVEN) (STATIC) 
EFOM LINEAR OPTIMIZATION EXOGENDUS 
(GRENOBLE) (QUASI DYNAMIC) 
MESSAGE LINEAR OPTIMIZATION PARTIAL EXOGENOUS 
(IIASA) (QUASI DYNAMIC) (PRICE DEPENDENT) 
MAR~L LINEAR OPTIMIZATION PARTIAL EXOGENOUS 
(JULICH) (QUASI DYNAMIC) (PRICE DEPENDENT) 
Fig. 2: Energy System Models 
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Fig. 2 lists several of the well-known energy system models together 
with the methodology used. All of these mOdesl use the linear pro-
gramming approach. They foeus on the technical, economic ana environ-
mental characteristics of the energy conversion, delivery ana utili-
zation processes that comprise the total energy system, while SESOM 
provides a "snapshot." o f the energy system configuration, the other 
models are designed to analyze the evolution cf the energy system ave 
a time period. 
Let me now br.iefly describe the MARKAL model as a typical representa-
tive of the energy system models /4/. MARKAL was specifically designed 
to follow the evolution in time of the introduction of new technolo-
gie5 and the corresponding decline in the use of hydrocarbon resour-
ces, especially imported petroleum. Using the model, it is possible to 
assess the relative attractiveness of existing and new technologies 
and energy resources on the supply side of the system and, on the de-
mand side, the long-range effect of conservation, of efficiency. im-
provements in end-use devices and of inter-fuel substitution. 
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Fig. 3 shows t he p r incipal energy flows r epresented i n MARKAL. Three 
t ypes of ener gy are disti ng uished . Primary energy (e . g . domestic 
eoal, imported crude oil ) is t ransformed into f i na l energy ( e . g . e l ec-
tricity , r efi ned o i l produc t s , distr ict heat) t hrough transformation 
a nd conversion, t ra nspor t ation a nd distribution processes. The fi nal 
e nergy i s the n consumed i n e nd-use devices to produce useful energy 
(e . g . space heat , mechanical e nergy) to satisfy t he energy service de-
mand , for examp!e the demand for a warm room er t he travel ling f r om 
Stutt gart to Cope nhagen . Usef u l energy or energy service demand a r e 
t he ex oge nously specified dr i ving variabl es in thc MARKAL model . 
MARKAL is a multiperiod linea r p r ogrammi ng model with expl icit repre-
sentation of some 200 technologies f or energy prod uction, convers i o n 
and e nd- use . The general model structure is i llustrated in Fig. 4 . Th c 
o b jective func tion is the sum of discounted costs of f uels , operat ing 
a nd maintenance , t ransportatio n a nd i nve'stment s for a ddi ng ne w e apaci-
ties , t o sat i sfy the ener gy demand over the p lann i ng hor i zon. The o b-
jeetive f une tio n is to be min i mized u nder a set of constra ints. The 
constraints i nvol ve balanc es for individual fuel s as weIl as limits on 
the ins t a ll a t ion and ope r ation of techno l ogies . The capacities of t he 
OBJECTIVE FUNCTION 
T 
MINIMIZE r eT [PRIMARY FUEL COSTS + OPERATING 
T A. MAINTENANCE COSTS + TRANS-
PORTATION COSTS + INVESTMENT 
COSTS OF ADDING NEW CAPACITIES) 
OVER THE TIME HORIZON T. SUBJECT TO : 
DEMAND CONSTRAINTS 
SUPPLY CONSTRAINTS 
CAPACITY CONSTRAINTS 
RESOURCE CONSTRAINTS 
IMPLEMENT AT ION CONSTRAINTS 
ENVIRONMENTAL CONSTRAINTS 
Fig . 4: General Model Structure of MARKAL 
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different energy tec hnologies depend on investments made in earlier 
per iods and the defined lifetimes of existing technologies. Because of 
this representation, the model is able to describe the phasingout of 
existing plants and the build-up of new capacity properly. Another dy-
namic constraint utilized in the model limits the cumulative amount of 
part i cular reSQurces available over the entire time horizon. The elec-
tricity and heat generating technologies have been modeled in MARKAL 
with explicit treatment of the load structure related to the diurnal 
and/or seasonal variations of the demand. Environmental considerations 
can also be taken into account. 
SOURCES OF LlaUID FUELS FOR 15 COUNTRIES: 
HIGH SECURITY SCENARIO (SP-4/1.0) 
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Fig. 5 shows a typical result obtained fram l-tARKAL indicating how the 
substitution of oil imports by new liquid fuels producing technologies 
takes place under. a certain price escalation of crude oil /5/ . 
Another set of interesting information, which these models provide, 
is the trade-off between energy system costs and oil imports, as dis-
played in Fig. 6. The curve shows what areplacement of oil imports 
would cast the economy, wh ich would have the invest in new technolo-
9ies er push conservation. In the figure 6, PS-l denotes the optimum 
allocation of fuels and technologies for a least cast scenario. Jf we 
move towards the left, the system casts increase while oil imports de-
cline. The fact that a premium is to be paid for lower oil import 
energy systems is denoted by scenarios SP-l/PREM-l and SP-l/PREM-2. 
Three different patterns are shown (Spain, United States, united 
Kingdom) illustrating differences among countries /5/. 
TOTAL 
ENERGY SYSTEMS -
OISCOl)NTED 
COST 
110 
t SP-l/PflEM-2 
I 
1 
1 § sp- f IPREM-2 UNITEO STATES_\ 
, 
~ 105 
~ 
il 
o 
SP-'!PREM-' 
UNITED K'NGOOM 
'0 
• 
lNCREASING SECURITY 
\ 
\ 
\ 
\ 
\ 
I 
I 
\ 
I 
\ 
\ 
\ 
SPAIN _ 
SP_l PREM 2 
SP-l}PflEM-l 
\. SP_I/PREM_l ~--_':":==::':""_.-l. I'SI 
100 
CUMULATIVE NET OlL IMPOIHS 1980-2020 
rig . 6: Trade Off between Energy System eosts and Oil Imports 
25 
Each point of this tra.de-off curve represents a scenario, which itself 
yielcs a different mix of technologies and a different temporal evolu-
tion of each technology. Other trade-off, e.g. between casts and en-
vironment can be examined in a similar approach. 
It should be mentioned, that this kind of linear programming models of 
the energy system, are able to take price demand elasticities into ac-
count. In the model the response to energy price increases is deter-
mined in three forms: investments in conservation, investments in new 
technologies with higher efficiencies· and adjusted useful energy de-
mand levels. This feature is typical for a model type which i5 often 
called a partial equilibrium model, where energy demand itself i5 a 
variable depending on the price of energy /6/. 
The 5econd clas5 oE models I want to discuss in same more detail are 
the energy-economy models. Fig. 7 lists some of the well-known models, 
which explicitly take into account the linkages between the energy 
sector and the rest oE the econorny. 
These integrated models share some common features. They all include a 
macroeconomic submodel, which represents to varying degrees, the pro-
duetion and consumption structure in the eeonomy. They also contain an 
energy supply system with depiction of energy technologies, demand and 
prices. Finally, there are clear linkages between the energy sector 
and the rest oE the economy. 
A distinction is made between two categori~s of energy-economy-models. 
The first category consist of models whieh were basically designed to 
study the energy-eeonomy interactions, while the second category con-
tains models that were desinged by linking existing energy and economy 
models. Fig. 7 also indicates that optimization and econometrics are 
the' methods most often used in energy-economy mOdels. 
ETA-MACRO is an example oE the first category of energy-economy models 
/7/. As the name suggests, it consists of two parts: ETA is a proeess 
analysis model for energy technology assessment and MACRO is a maero-
economie growth model dealing with substitution between labor, capital 
and energy inputs. 
fo'DDEL 
lHIEGRATED ~D,LS 
ETA-MACRO 
(STANFORD UNIV.) 
PILOT 
(STANFORD UNIV.) 
SRI 
(STANFORD RES. INST.) 
HUDSON-JORGENSON 
ZENCAP 
(ZORICH) 
fo'DDEL SETS 
llASA 
(LAXENBURG) 
CEe 
(BROSSELl 
DRI -BROOKHAVEN 
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METHODOLOGY 
NON-LINEAR OPTIMIZATION 
ECONOMETRIC 
LINEAR OPTIMIZATION 
ECONOMETRIC 
OPTlMIZATlON 
ECONOMETRIC 
ECONOMETRIC 
OPTlMIZATlON 
LINEAR OPTIMIZATION, 
INPUT-OUTPUT, SIMULATION 
LINEAR OPTIMIZATION, 
ECONOMETRIC, ACCOUNTING 
LINEAR OPTIMIZATION 
ECONOMETRIC 
Fig . 7: Energy-Economy Models 
<-u 
......... 
~(",," 
... .,.I~f rto..;'t1h. 
... b. «1#-.,-'''<;'') 
pI~" h. ~<);Oi.",,~,J 
~) n'MlO(' I·,tl-
~I~ , 
'Mur.' r~rtr. 
! 1"<" IJI~wm . l'I.IIur~' 
J.O' . ~ • ...J . .. r~n ... m 
1I)"",<ktl .. c.~" ) 
t:TA 
Fig. 8: ETA MACRO Model 
I .... , • 
............ _trir 
-., M JWMU 
(,kOS.' 
0 1' n'u, 
-.,_. 
-
c-... ........ 
luoo.l_ ... 
27 
Fig. 8 provides an overview of the principal static linkages between 
the energy and the macroeconomic submodels. Electric and nonelectric 
energy are supplied by the energy sector to the rest cf the economy. 
Grass output depends upon the inputs of energy, labor and capital. The 
output is allocated between current consumption, investment in build-
ing up the stock of capital, and current payments of energy costs. 
The entire model determines for each point in time an equilibrium be-
tween suply and demand, whereby substitution between labor, capital 
and energy inputs take place according to their availability and 
price. An increase in prices for energy will then affect the future 
level cf energy demand, the fuel mix and the production structure of 
the economy in variou5 ways. Price induced conservation and interfuel 
substitution will both have macroeconomic implications and the whole 
economy will adjust to the new equilibrium according to the time lags 
built into the model. This model is of the type wh ich rnay be called a 
"general equilibrium model", in that it encompas5es at the same time 
the effects, which the macroeconomy has on the energy system and vice 
versa the impacts of the energy system on the economy. 
Ta be able to understand how the model works, it 5eems best to have a 
closer look to the MACRO submodel (see Fig. 9). 
ALLOCATION OF ECONOMIC OUTPUT (Y) 
Y = C + I + EC 
LONG-RUN STATIC PRODUCTION FUNCTION 
Y = [A(KCl L l-")p + B (EßN1-ß)P ] l/p 
WHEREp= «1-1)/0 (FOR ot- 0,1.(0) 
CAPITAL ACCUMULATION 
K(T) =)..K(T-S) + O.4·5·J(T-5) + O.6·5.I(Tl 
(T = 5, . '" 75) 
Fig. 9: Linkage between the Energy Sector and the Economy in the 
ETA-MACRO 
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As I mentioned already before , electric and non-electric energy are 
suplied by the energy sector to the rest of the economy. Like the ma-
terial balance equations of an input-output model. aggregated economic 
output (Y) is allocated between interindustry payrnents for energy 
costs (EC) and "final demands" for current consumption (C) and invest-
ment (I) (First equation). 
The production function employed assumes that the economy-wide gross 
output (Y) depends upan four inputs: K r L, E, N - respectively capi-
tal, labor, e lectric and non-electric energy. The elasticity of sub-
stitution among the input factors is separated in three fractions: 
substitution between capital and labor (denoted by ~ and l - Q ) , substi-
tution between eleetrie and non-e1eetrie e nergy (denoted by ß and 
1-8), and substitution between capital/1abor and electric/non-electric 
energy (denoted by p ). If we were considerlng a statie problem, the 
long-run production funetion would have the form of the second equa-
tion in Pig. 9. 
In the model this produetion funetion i5 u5ed in a modified form to 
allow for time-Iags in the eeonomy's reponse to higher energy prices. 
Thi5 i5 extremely important , because most ehanges concerning the ad-
justment to higher energy costs will be associated with new equipment 
and structures , and the average life-lime of the capita1 already in 
place might be as high as 40 years and more as in the ease of housing 
and urban transportation systems. 
In ETA- MACRQ these 1ags are bui1t into the production funetion by ap-
propriate growth limitations relative to previous periods. These time 
lags are also reflected in the equation for physica1 capital accumu1a-
t ion , wh ich is the last on in Pig. 9. To approximate a two-year avera-
ge gestation lag between investment and useable capital stocks, i t is 
supposed that 60 , of gross investment provides an immediate increase 
in the capital stock, but that 40 % has a five- year delay. capital 
stocks (k(t» ar:e expanded by gross investrnent (I(t» and are reduced 
by the capital survival fraction. 
The other submodel, ETA, is a conventional linear prograrnming energy 
supply model, which for a given set of resources and technologies aims 
at searching an optimum energy path. The degree of detail shown here, 
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however, 1s much less than in energy system models of the MARKAL type. 
As most of the general equilibrium models which apply aggregated func-
tions in the economic sec tor and look into the energy sec tor with 1ess 
detail, ETA-MACRQ is not intended to be used as a planning taol, 
which produces a single set oE numerical results. The merits of the 
model have to be seen in the Eact that it enables us to check the 10-
gical consistency of competing assumptions about energy futures using 
a clear and straight-forward approach. In fact, the model has been 
faund to be a usef"ul instrument to study for instance the irnplications 
which a nuclear path would impose on the US economy, and to describe 
the impact of higher oil prices on economic growth. 
The energy modelling approach of IIASA (the International Institute 
for Applied Syst.ems Analysis) /a/ is another typical example of an en-
ergy-economy model. It is designed to analyse the energy sector as an 
integral part of the economy. 
But unlike the integrated models (PILOT, SRI, Hudson-Jo~genson, ETA-
MACRO, ZENCAP) wh ich treat the interactions between energy and the 
economy within a single network of equations, IIASA has created a 
package containing a set of various models, applying different techni-
ques. 
IIASA's energy modelling team has adopted the philosophy that the 
linking of several independent and simple models has advantages over 
large scale model blocks involving complex functional relations. The 
links need not be automatie, but may involve human interference. 
Fig. 10 illustrates the modelling approach adopted at IIASA. Four in-
dependent models, MEDEE-2, MESSAGE, IMPACT and MACRO are used, eaeh 
applying a different methodo1ogy and having a different purpose. Every 
single model provides inputs to the system considered, either in the 
form of direct input data to ether submodels or in the form of general 
information which is used to modify assumptions. The entire modelling 
approach is a highly iterative one. Initial assumptions and judgements 
lead to calculations and results, which provide feedback information 
for the alteration of the inputs until convergence is aehieved. 
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Fig. 10: The IIASA Set of Energy Model 
The start of the modelling loop is determined by the definition of 
scenarios as indicated on top of Fig. 10. Assumptions about economic 
and population g~owth are the main parameters for the distinction of 
the IIASA scenarios. Information about economic and demographie deve-
lopments and judgments about lifestyle changes, improvements in effi-
ciencies of energy using devices, and the rate af penetration of new 
and/ar improved energy- using equipment are fed into the submodel 
MEDEE-2. This model determines the energy demand in terms of secandary 
energy for major end-use categories such as space heating/cooling, wa-
ter heating, cooking in the residential and commerical sector. 
The technique of MEDEE-2 is simple: most of the relationships are li-
near combinations of variables and the model is used as a straightfor-
ward accounting framework. The resulting secondary tuel mix together 
with constraints on the maximum build-up rates, cast of new energy 
supply and conversion facilities and resource availability con-
straints is then inserted ioto the second subrnodel, called MESSAGE 
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(Hodel for Energy Supply sys~em Alternatives and their General Envi-
ronrnental impact). MESSAGE is I like MARKAL, a time-aependent linear 
programming model which provides an optimum allocation of fuels to 
meet a given deman~. rt i5 adynamie model and allows the explicit 
treatment of interfuel substitution, which takes place over time in 
the energy supply and conversion sec tor. 
The third submodel, IMPACT, is adynamie input-output based algorithrn, 
wh ich determines the impacts of a certain strategy on the economy in 
terms of: 
o Investments in energy system capacities, 
o Capacity build-up in energy related sectors of industry and 
corresponding capital investments, 
o Requirements for materials, equipment and services for construction 
and operation of the energy system and related industrial branches. 
with IMPACT calculated costs, the economic feasibility of a strategy 
can be checked, e.g. whether or not energy will absorb unacceptably 
high portions of the economic products, or wh at amount of non-energy 
exports are necessary to compensate for energy imports etc •. Finally, 
the MACRO submodel calculates agg~egated investment and consumption 
patterns based upon IMPACT provided cast data. This in turn leads to a 
revised computation of economic growth rates, which is checked with 
the original assumption and reentered into a new iterat i on loop. 
It is this very broad concept of iterations within the computatian 
routes which pravide for consistent scenarios. If the full set of mo-
dels are employed in iterations, we have in fact a general equilibrium 
approach for interactions between economic and energy sector activi-
ties. 
IIASA's energy modelling set is not designed for energy planning pur-
pases but aims at investigating the langer term perspectives for tran-
sitions to energy supply systems in a ~esou~ce const4ained wo~ld. It 
was applied in a well known study cf the development of world regions 
between now and 2030 giving spec i al attention to the different needs 
and possibilities of western industrialized countries, communist 
areas, developing cauntries and less developed countries /9/. 
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4. DECISION MAKING AND ENERGY MODELS 
This is where the development and application of energy models stands 
today. I believe that the energy modelling community can look back up-
on a tremendously fast development over the last ten years. Great ad~ 
vances can be reported, such as: 
the development of models fo~ many different issues in the 
energy poliey and planning area 
the availability of large scale models of the entlre ene~gy 
system as weIl as of models that describe the interaction be-
tween the energy sec tor and the rest of the economy 
the availability of improved data bases and modelling techniques, 
as weIl as extremely powerful computers and modelling software. 
But are these advances sufflcient? 
Is it not so, 
thatmost of the energy policy decisions ane the strategie 
decisions in the energy industry arenot based on the outcome 
of an energy modelling analysis, 
that energy modellers da not have much to offer when complex 
real world problems require a quick answer, 
that the treatment of uncertainty, which during the last years has 
become the major issue in the planning process, is still unsatis-
factory from the decision making point of view. 
So what did the energy modellers da wrong? Nothing as yet, I believe. 
They developed a variety of efficient and powerful models in a reason-
able short time. Methodological improvements are still possible, but 
as useful energy models are available yet, the attitudes of the energy 
modelling cornmunity must be shifted from the development of new and 
more detailed models to the application of the models to help to solve 
the problems the decision rnakers are confronted with. 
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Let me now outline same ideas how the situation can be improved. 
The appreciation of energy models by the so called decision make~s is 
characterized by up and downs. The initial phase of suspicion and 
skepticism that was based on ignorance was followed by a phase of 
Qverconfidence and high expectations. During that time the models, es-
pecially computer models were vlewed to be able to provide an5wers to 
any quest ion i to be not a tool for making up Dur minds, but the answer 
itself. As it turned out that the predictive power of the various en-
ergy models was not sufficient to be of empirical values in the light 
of events, overconf i dence turned inta disillusionment. since same 
years we are in the phas e of disillusionment. what is at stake now is 
Prima ry Energy Consumptio n 
~. 11: EneJ:"gy FOJ:"ecc:lsts (1955-1973) 
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to overcome the present dis trust and to regain credib i l ity. Otherwtse 
the danger 18 great that energy models will never contribute to better 
decisions in energy policy and the energy industry . 
I believe that models and mode l lers must adept a more issue- oriented 
approach and that expectations on bath sides must be reduced to what 
can be provided by an energy model analysis . Energy models have often 
been employed to provide precise numerical forecasts of the future 
developme nt of the energy system. But energy forecasting is a 
hazardous occupation. Virtually any projection turned out to be 
incorrect /10/ . 
Pr1mary Ener gy Consumption 
valul.':5. 
-JOD 
Fig . 12: Energy Forecasts (1973-1981) 
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Fig. 11 shows the primary energy forecast for the Federal Republic of 
Germany, which were published in the period from 1950 to 1972. Com-
pared with the actual development, all forecasts turned out to be 
wrang. The increase of the primary energy consumption was underesti-
mated by the forecasts of the sO's and 60's. 
In Fig. 12 the primary energy forecasts published after the first oil 
crises in 1973 are illustrated. The figures for the primary energy 
consumption of the year 2000 differ by about a factor of two. Without 
901n9 into further details, I think this figure demonstrates that 
their succes in forecasting the energy future will not be greater than 
that of the earlier forecasts in the 50's and 60's. 
Ta state the point more clearly, I think that history has shown, that 
we can not expect any precise forecasts of the future, even if we em-
ploy very detai1ed and sophisticated models. 
The reason for this is, that the development of the main factors de-
termining future energy demand and 5upply, such as the economic growth 
rates or the price of crude oil, to mention on1y two, i5 to a great 
extent uncertain. Opinions tor example about the future oil price de-
velopment have changed in recent years dramatica1ly during relatively 
short periods of time. The range of 10ng term oil prices estimated 
published since 1973 reaches from 15 $ to 150 S per barrel. And a re-
cent analysis of the IIASA about the oil price estimates used in the 
most up-to-date lang-term energy projections throughout the world 
showed, that the individual oil price estirnates for the year 2010 dif-
fer by factor of three /11/. 
Some energy madellers and energy analysists have reacted to the in-
creased uncertainty by generating several scenarios with different 
assumptions about the uncertain factars. Concerning the warld oil pri-
ces uncertainty is usually reflected by assuming two or three annual 
growth rates, low, moderate and high. The usual recommendation to the 
decision maker then is: we'll give you the results under these scena-
rios and you make your own choice. But where does this leave the deci-
sion maker? It seem to me that this kind of analysis is not very help-
ful to hirn. If it is not possible to be more precise about the oil 
price development, then at least he should be provided with the infor-
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mation how this uncertain factors influence his near-term decisions, 
or with an indication of those nearterm decisions that are insensitive 
to these assumptions. 
For the use of energy models this dces mean, that rather aSking what 
the energy demand in same futul:"e year will be, or what the contribu-
tion of different supply options in the year 2000 will be, the appro-
priate question is, what roust an energy policy look like, if it has to 
be robust and flexible enough to cope with the uncertanties that lie 
ahead7 
If energy models are to aid in decision-making, then it cannot be a 
meaningful aim to try to forecast the future development of the energy 
system. However carefully the forecast is made, the inherent uncer-
tainty lying in the futu~e cannot be removed. Rather the task consists 
in identifying with the help of the ene~gy model and after explicit 
consideration of the uncertainties , what I weuld like to call "robust" 
decision steps. These are those steps relevant to the near future, 
that give the best possible guarantee, that the path chosen will not 
have been regretted at a much later point of time /12/. 
I · believe, that this different view of how to use energy models to 
provide useful infor.mation to the decision making process i5 a prere-
quisite to regain credibility and promote a more fruitful interaction 
between the decision makers and the model builders . 
Models in general and energy models specifical1y should not be viewed 
as tools, that will predict the future more accurately. But with mo-
dels we may be able ta understand better the interdependances and in-
fluences of various factors - hath, those that are within our contral 
and those that are not. Making use of these potential benefits of 
energy models requires, that they are viewed by both the energy made 1-
le~s and the decision makers as taals for developing insights rather 
than for farecasting numbers. 
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